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5.5.1 Video PES constraints

Each PES packet shall begin with a video access unit, as defined in Section 2.1.1 of
ISOllEe 13818-1, which is aligned with the PES packet header. The first byte of a PES
packet payload shall be the first byte of a video access unit. Each PES header shall contain
a PTS. Additionally, it shall contain a DTS as appropriate. For terrestrial broadcast, the PES
packet shall not contain more than one coded video frame, and shall be void of video
picture data only when transmitted in conjunction with the discontinuity-indicator to signal
that the continUity_counter may be discontinuous.

Within the PES packet header, the following restrictions apply:

• The PES_packeUength shall be coded as 'OxOOOO'.

• data_alignmenUndicator shall be coded as '1'.

5.5.2 Audio PES constraints

The audio decoder may be capable of simultaneously decoding more than one
elementary stream containing different program elements, and then combining the program
elements into a complete program. In this case, the audio decoder may sequentially decode
audio frames (or audio blocks) from each elementary stream and do the combining (mixing
together) on a frame or (block) basis. In order to have the audio from the two elementary
streams reproduced in exact sample synchronism, it is necessary for the original audio
elementary stream encoders to have encoded the two audio program elements frame
synchronously; i.e., if audio program 1 has sample a of frame n at time to, then audio
program 2 should also have frame n beginning with its sample a at the identical time to. If
the encoding is done frame synchronously, then matching audio frames should have
identical values ofPTS.

If PES packets from two audio services that are to be decoded simultaneously
contain identical values of PTS then the corresponding encoded audio frames contained in
the PES packets should be presented to the audio decoder for simultaneous synchronous
decoding. If the PTS values do not match (indicating that the audio encoding was not
frame synchronous) then the audio frames which are closest in time may be presented to
the audio decoder for simultaneous decoding. In this case the two services may be
reproduced out of sync by as much as 1/2 of a frame time (which is often satisfactory, e.g.,
a voice-over does not require precise timing).

The value ofstream_id for AC-3 shall be 1011 1101 (private_stream_1).

5.8 Services and features

5.6.1 Program guide

5.6.1.1 Master program guide PIO

At the option of broadcasters, an interactive program guide database may be
transmitted in the transport stream. If present, the master program guide data stream shall
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e,e transported in PIO OxIFFD, This PID shall be reserved exclusively for the program
guide The program guide shall be formatted according to the structure and syntax
described in the standard developed from ATSC document T3/S8-050, "Program Guide
for Digital Television", The program guide database allows a receiver to build an on
screen grid of program information and contains control information to facilitate
navigation.

5.6.1.2 Program guide sro model

Each program guide bit stream shall adhere to an STD model that can be described
by an MPEG smoothing buffer descriptor (Section 2.6.30 in ISOIIEC 13818-1) with the
following constraints:

• sb_leak_rate shall be 250 (indicating a leak rate of 100,000 bps)

• sb_size shall be 1024 (indicating a smoothing buffer size of 1024 bytes)

Note that the smoothing buffer descriptor is referred to here to describe the STD
model for the program guide, and does not imply that a smoothing buffer descriptor for
the program guide is to be included in the PMT.

5.6.2 System information

5.6.2.1 System information PIO

At the option of broadcasters, certain system information may be transmitted in the
transport stream. If present, the system information data stream shall be transported in PJO

OxIFFC. This PIO shall be reserved exclusively for the system information. The system
information shall be formatted according to the structure and syntax described in the
standard developed from ATSC document T3/S8-079, "System Information for Digital
Television". Constraints applying to specific transmission media are given in that standard.

5.6.2.2 System information sro model

The system information bit stream shall adhere to an STD model that can be
described by an MPEG smoothing buffer descriptor (Section 2.6.30 in ISOIIEC 13818-1)
with the following constraints:

• sb_Jeak_rate shall be 50 (indicating a leak rate of20,000 bps)

• sb_size shall be 1024 (indicating a smoothing buffer size of 1024 bytes)

Note that the smoothing buffer descriptor is referred to here to describe the STD
model for the system information, and does not imply that a smoothing buffer descriptor
for the system information is to be included in the PMT,
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5.6.3 Specification of private data services

Private data provides a means to add new ancillary services to the basic digital
television service specified in this standard. Private data is supported in two bit stream
locations.

1. Private data can be transmitted within the adaptation header of transport
packets (Sections 2.4.3.4 and 2.4.3.5 ofISOIlEC 13818-1).

2. Private data can be transmitted as a separate transport stream with its own
PID. The contents can be identified as being ATSC private by using the
private_dataJndicator_descriptor (Section 2.6.29 of ISOIlEC 13818-1) within the
PMT.

In either case, it is necessary that the standards which specify the characteristics of
such private_streams be consistent with the Digital Television Standard. Standards for
private_streams shall precisely specify the semantics of the transmitted syntax as described in
Sections 5.6.3.1 and 5.6.3.1.1.

5.6.3.1 Verification model

The standard shall be specified in terms of a verification model by defining the
characteristics of the transmitted syntax and an idealized decoder. In ISOllEe 13818-1
and 13818-2, this is accomplished by using the T-STD and VBV models, respectively. The
elements required for specification by this Standard are described in the following
Sections.

5.6.3.1.1 Syntax and semantics

The syntax and semantics of the transmitted bit stream that implements the
ancillary service shall be completely and unambiguously specified. The decoding process
shall also be completely and unambiguously specified.

5.6.3.1.2 Ancillary service target decoder (ASTO)

An idealized decoder model must be precisely defined for the service. Figure 2
introduces a concrete model for pedagogic purposes. It is modeled after the T-STD.

The salient features ofthe model are the size of the transport demultiplexing buffer
(TB), the minimum transfer rate out of the transport demultiplex buffer (Rleak), the
required System buffering (BSsys), and optionally the partitioning of BSsys between the
smoothing portion and the decoder portion. The decoding process, represented as the
decoding times T_decode(i), must be completely specified. The behavior of the BSsys buffer
must be completely modeled with respect to its input process and its output process.
Certain parameters of the service such as bit rate, etc., should also be specified.

5.6.3.2 Strwam type and PMT descriptors

A new ancillary service shall be described as a program or elementary stream
through documented Program Specific Information.
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5.6.3.2.1 Stream type

Several identifiers that are part of the transport section of the Digital Television
Standard may be used to identify either the signal or constituent parts thereof~ however,
the fundamental identifier is the User Private stream type. The stream_type codes shall be
unambiguously assigned within the range Ox80 to OxAF. Ox81 has already been assigned
within the Digital Television Standard (see Section 5.7.1).

5.6.3.2.2 PMT descriptors

The Ancillary Service specification shall include all pertinent descriptors that are
found within the Program Map Table. Specifically, it is recommended that either the
private_stream_identifier or the registration_descriptor, or both, be included. Although this is not
required for a stream with a unique stream_type code within this Standard, it will enhance
interoperability in the case where the stream is stored outside this Standard, or transmitted
in some other network that has its own set ofstream_type codes.

5.7 Assignment of Identifiers

In this Section, those Identifiers and codes which shall have a fixed value are
summarized. These include PES Stream IDs and Descriptors. Stream_type codes from Ox.80
to 0xAF shall be reserved for assignment as needed within the Digital Television Standard.
DescriptoUag codes from Ox40 to 0xAF shall be reserved for assignment as needed within
the Digital Television Standard.

5.7.1 Stream type

The AC-3 audio stream_type shall have the value Ox81.
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5.7.2.1 AC-3 audio descriptor

In the digital television system the AC-3 audio descriptor shall be included in the
TS_program_map_section. The syntax is given in Table 2 of Annex A of ATSC Standard
N52. There are the following constraints on the AC-3 audio descriptor:

• The value of the descriptor_tag shall be Ox81.

• If textlen exists, it shall have a value of 'OxOO' .

5.7.2.2 Program smoothing buffer descriptor.

The Program Map Table of each program shall contain a smoothing buffer
descriptor pertaining to that program in accordance with Section 2.6.30 of ISOIIEC
13818-1. During the continuous existence of a program, the value of the elements of the
smoothing buffer descriptor shall not change.

The fields of the smoothing buffer descriptor shall meet the following constraints:

• The field sbJeak_rate shall be allowed to range up to the maximum transport
rates specified in Section 7.2.

• The field sb_size shall have a value less than or equal to 2048. The size of the
smoothing buffer is thus ~ 2048 bytes.

5.8 Extensions to the MPEG-2 Systems specification

This Section covers extensions to the MPEG-2 Systems specification.

5.8.1 Scrambling control

The scrambling control field within the packet header allows all states to exist in
the digital television system as defined in Table 2.

Table 2 Transport Scrambling Control Field

transport_ Function
scramblinL

control
00 packet payload not scrambled
01 not scrambled, state may be used as a flag for private use defined by the service provider.
10 packet payload scrambled with "even" key
11 packet payload scrambled with "odd" key

Elementary Streams for which the transport_scrambling_control field does not
exclusively have the value of '00' for the duration of the program, must carry a
CA_descriptor in accordance with Section 2.6.16 ofISOIIEC 13818-1.
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The implementation of a digital television delivery system that employs conditional
access will require the specification ofadditional data streams and system constraints.

6. FEATURES OF 13818-1 NOT SUPPORTED BY THIS STANDARD

The transport definition is based on the MPEG-2 Systems standard, ISOIIEC
13818-1 ~ however, it does not implement all parts of the standard. This Section describes
those elements which are omitted from this Standard.

6.1 Program streams

This Standard does not include those portions of ISO/IEC 13818-1 and Annex A
ofATSC Standard N52 which pertain exclusively to Program Stream specifications.

6.2 Stili pictures

This Standard does not include those portions of ISOIIEC 13818-1 Transport
Stream specification which pertain to the Still Picture model.

7. TRANSPORT ENCODER INTERFACES AND BIT RATES

7.1 Transport encoder Input characteristics

The MPEG-2 Systems standard specifies the inputs to the transport system as
MPEG-2 elementary streams. It is also possible that systems will be implemented wherein
the process of forming PES packets takes place within the video, audio or other data
encoders. In such cases, the inputs to the Transport system would be PES packets.
Physical interfaces for these inputs (elementary streams and/or PES packets) may be
defined as voluntary industry standards by SMPTE or other standardizing organizations.

7.2 Transport output characteristics

Conceptually, the output from the transport system is a continuous MPEG-2
transport stream as defined in this Annex at a constant rate of Tr Mbps when transmitted
in an 8 VSB system and 2Tr when transmitted in a 16 VSB system where:

( 188)(312)(684)Tr = 2 x - - - x 4.5 = 19.39... Mbps
208 313 286

and

( 684) x 4.5
286

is the symbol rate Sr in Msymbols per second for the transmission subsystem (see Section
4.1 of Annex D). Tr and Sr shall be locked to each other in frequency.

All transport streams conforming to this Standard shall conform to the ISO/IEC
13818-1 model.
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Details of the interface for this output, including its physical characteristics, may be
defined as a voluntary industry standard by SMPTE , or other standardizing organizations.
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This Annex describes the characteristics of the RF/Transmission subsystem, which
is referred to as the VSB subsystem, of the Digital Television Standard. The VSB
subsystem offers two modes: a terrestrial broadcast mode (8 VSB), and a high data rate
mode (16 VSB). These are described in separate sections of this document.

2. NORMATIVE REFERENCES

There are no Normative References.

3. COMPLIANCE NOTATION

As used in this document, "shall" or "will" denotes a mandatory provision of the
standard. "Should" denotes a provision that is recommended but not mandatory. "May"
denotes a feature whose presence does not preclude compliance, that mayor may not be
present at the option of the implementor.

4. TRANSMISSION CHARACTERISTICS FOR TERRESTRIAL BROADCAST

4.1 Overview

The terrestrial broadcast mode (known as 8 VSB) will support a payload data rate
of 19.28... Mbps in a 6 MHz channel. A functional block diagram of a representative 8
VSB terrestrial broadcast transmitter is shown in Figure 1. The input to the transmission
subsystem from the transport subsystem is a 19.39... Mbps serial data stream comprised of
188-byte MPEG-compatible data packets (including a sync byte and 187 bytes of data
which represent a payload data rate of 19.28... Mbps).

The incoming data is randomized and then processed for forward error correction
(FEC) in the form of Reed-Solomon (RS) coding (20 RS parity bytes are added to each
packet), 1/6 data field interleaving and 2/3 rate trellis coding. The randomization and FEC
processes are not applied to the sync byte of the transport packet, which is represented in
transmission by a Data Segment Sync signal as described below. Following randomization and
forward error correction processing, the data packets are formatted into Data Frames for
transmission and Data Segment Sync and Data Field Sync are added.

Figure 2 shows how the data are organized for transmission. Each Data Frame consists
of two Data Fields, each containing 313 Data Segments. The first Data Segment of each Data
Field is a unique synchronizing signal (Data Field Sync) and includes the training sequence used
by the equalizer in the receiver. The remaining 312 Data Segments each carry the equivalent of
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the data from one 188-byte transport packet plus its associated FEC overhead. The actual data
in each Data Segment comes from several transport packets because of data interleaving. Each
Data Segment consists of832 symbols. The first 4 symbols are transmitted in binary form and
provide segment synchronization. This Data Segment Sync signal also represents the sync byte
of the I88-byte MPEG-compatible transport packet. The remaining 828 symbols of each Data
Segment cany data equivalent to the remaining 187 bytes of a transport packet and its
associated FEC overhead. These 828 symbols are transmitted as 8-level signals and therefore
cany three bits per symbol. Thus, 828 x 3 = 2484 bits of data are carried in each Data
Segment, which exactly matches the requirement to send a protected transport packet:

1- - - - - - ~
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Figure 1. VSB transmitter.
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Figure 2. VSB data frame.
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187 data bytes + 20 RS parity bytes = 207 bytes
207 bytes x 8 bitslbyte = 1656 bits
2/3 rate trellis ooding requires 3/2 x 1656 bits = 2484 bits.

The exact symbol rate is given by equation 1below:

(1) Sr (MHz) = 4.5/286 x 684 = 10.76... MHz

The frequency ofa Data Segment is given in equation 2 below:

(2) fseg= 8,/832 = 12.94... X 103 Data Segments/so

The Data Frame rate is given by equation (3) below:

(3) f&ame = f.J626 = 20.66 ... frames/so

The symbol rate Sr and the transport rate Tr (see Section 7.2 of Annex C) shall be
locked to each other in frequency.

The 8-level symbols combined with the binary Data Segment Sync and Data Field Sync
signals shall be used to suppressed-carrier modulate a single carrier. Before transmission,
however, most of the lower sideband shall be removed. The resulting spectrum is flat, except
for the band edges where a nominal square root raised cosine response results in 620 kHz
transition regions. The nominal VSB transmission spectrum is shown in Figure 3.

At the suppressed-carrier frequency, 310kHz from the lower band edge, a small
pilot shall be added to the signal.

:Z+t----------------;I-1'..;.I--.a.--
SUppressed I

Carrier

.31---1 ~.......----- 5.38MHZ------~ ~ .31

r~----- 6.0 MHz -----.----1,
Figure 3. VSB channel occupancy (nominal).

4.2 Channel error protection and synchronization

4.2.1 Prioritization

All payload data shall be carried with the same priority.

4.2.2 Data randomizer

A data randomizer shall be used on all input data to randomize the data payload
(not including Data Field Sync or Data Segment Sync, or RS parity bytes). The data
randomizer XORs all the incoming data bytes with a 16-bit maximum length pseudo
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random binary sequence (PRBS) which is initialized at the beginning of the Data Field.
The PRBS is generated in a 16-bit shift register that has 9 feedback taps. Eight of the shift
register outputs are selected as the fixed randomizing byte, where each bit from this byte is
used to individually XOR the corresponding input data bit. The data bits are XORed MSB
to MSB ... LSB to LSB.

The randomizer generator polynomial is as follows:

G(l6) = XI6 + X13 + XI2 + XII + X7 +~+ X3 + X + 1

The initialization (pre-load) to FI80 hex (load to 1) occurs during the Data Segment
Sync interval prior to the first Data Segment.

The randomizer generator polynomial and initialization is shown in Figure 4.

Generator Polynominal G (16) =X16+X13+X12+X11+X7+X6+X3+X+1

The initalization (pre load) occurs during the field sync interval

Initalization to F180 hex (Load to 1)
X16 X15 X14 X13 X9 )(8

0'

The generator is shifted with the Byte Clock and one 8 bit Byte
of data is extracted per cycle.

Figure 4. Randomizer polynomial.

4.2.3 Reed-Solomon encoder

The RS code used in the VSB transmission subsystem shall be a t = 10 (207,187)
code. The RS data block size is 187 bytes, with 20 RS parity bytes added for error
correction. A total RS block size of 207 bytes is transmitted per Data Segment.

In creating bytes from the serial bit stream, the MSB shall be the first serial bit.
The 20 RS parity bytes shall be sent at the end of the Data Segment. The parity generator
polynomial and the primitive field generator polynomial are shown in Figure 5.

4.2.4 Interleaving

The interleaver employed in the VSB transmiSSIon system shall be a 52 data
segment (intersegment) convolutional byte interleaver. Interleaving is provided to a depth
of about 1/6 of a data field (4 ms deep). Only data bytes shall be interleaved. The
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interleaver shall be synchronized to the first data byte of the data field. Intrasegment
interleaving is also performed for the benefit of the trellis coding process.

The convolutional interleaver is shown in Figure 6.

.all ID •• .., I. us .4 13 18 II 10 g • ., e I 4 :I 2 i
= X +152 X +185 X +2..0 X +5X .... 111 X ....ggX ~8X +220 X + JJ2 X +150 X ....89 X +36 X + t87X +22X .... 228 X +198 X + 121 X + 12t X + 165 X "'174

i· 21-1

fl(x+o i ) ~
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A Encod.d Data

Connect A lOT timt (k) Byles
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'& iii fixed element nostore' one element (Byte)

Connect ro.- til"31 (1<) Byte.
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,-----:;...---=-"'r---::-.-------.:-,--.",.-,-----..--.--I Gale

Primitive Field Generator Polynomial (Galois Field)

G(256)= l;. x';. l;. i + I

~xx xxx XXXX

Eech :shift or the generalor produces 6 field element

Figure 5. Reed-Solomon (207,187) t=10 parity generator polynomial.
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Figure 6. Convolutional interleaver (byte shift register illustration).

4.2.5 Trellis coding

The 8 VSB transmission sub-system shall employ a 2/3 rate (R=2/3) trellis code
(with one unencoded bit which is precoded). That is, one input bit is encoded into two
output bits using a 1/2 rate convolutional code while the other input bit is precoded. The
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signaling waveform used with the trellis code is an 8-level (3 bit) one-dimensional
constellation. The transmitted signal is referred to as 8 VSB. A 4-state trellis encoder shall
be used.

Trellis code intrasegment interleaving shall be used. This uses twelve identical trellis
encoders and precoders operating on interleaved data symbols. The code interleaving is
accomplished by encoding symbols (0, 12, 24, 36 ...) as one group, symbols (1, 13, 25, 37, ...)
as a second group, symbols (2, 14, 26, 38, ...) as a third group, and so on for a total of 12
groups.

In creating serial bits from parallel bytes, the MSB shall be sent out first: (7, 6, 5, 4, 3,
2, 1,0). The MSB is precoded (7, 5, 3, 1) and the LSB is feedback convolutional encoded (6,
4,2,0). Standard 4-state optimal Ungerboeck codes shall be used for the encoding. The trellis
code utilizes the 4-state feedback encoder shown in Figure 7. Also shown is the precoder and
the symbol mapper. The trellis code and precoder intrasegment interleaver is shown in Figure 8
which feeds the mapper shown in Figure 7. Referring to Figure 8, data bytes are fed from the
byte interleaver to the trellis coder and precoder, and they are processed as whole bytes by
each ofthe twelve encoders. Each byte produces four symbols from a single encoder.

Interference Filter
Pre-e:oder Trellis Encoder 8-Level Symbol Mapper

Xz Vz ~ MAP

ZZ Z1 Zo R

000 -7
001 -5
010 -3 R

X1 VI ZI 011 -1
100 +1

Zo 101 +3
110 +5
111 +7

(0 =12 Symbols Delay)

Figure 7. 8 VSB trellis encoder, precoder, and symbol mapper.

The output multiplexer shown in Figure 8 shall advance by four symbols on each
segment boundary. However, the state of the trellis encoder shall not be advanced. The data
coming out of the multiplexer shall follow normal ordering from encoder 0 through 11 for the
first segment of the frame, but on the second segment the order changes and symbols are read
from encoders 4 through 11, and then 0 through 3. The third segment reads from encoder 8
through 11 and then 0 through 7. This three-segment pattern shall repeat through the 312 Data
Segments of the frame. Table 1 shows the interleaving sequence for the first three Data
Segments ofthe frame.

After the Data Segment Sync is inserted, the ordering of the data symbols is such
that symbols from each encoder occur at a spacing of twelve symbols.
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Figure 8. Trellis code interleaver.

Table 1 Interleaving Sequence

Trellis
Encoded

and
Pre-Coded

Data
out to

Mapper

16 Sep 95

Segment Block 0 Block 1 ... Block 68
0 DO DI D2 ... DB DO DI D2 ... DB ... DO Dl D2 .. . DB
I D4 D5 D6 ... D3 D4 D5 D6 ... D3 ... D4 D5 D6 ... D3
2 D8 D9 DIO ... D7 D8 D9 DIO ... D7 ... D8 D9 DIO ... D7

A complete conversion of parallel bytes to serial bits needs 828 bytes to produce
6624 bits. Data symbols are created from 2 bits sent in MSB order, so a complete
conversion operation yields 3312 data symbols, which corresponds to 4 segments of 828
data symbols. 3312 data symbols divided by 12 trellis encoders gives 276 symbols per
trellis encoder. 276 symbols divided by 4 symbols per byte gives 69 bytes per trellis
encoder.

The conversion starts with the first segment of the field and proceeds with groups
of 4 segments until the end of the field. 312 segments per field divided by 4 gives 78
conversion operations per field.

During segment sync the input to 4 encoders is skipped and the encoders cycle
with no input. The input is held until the next multiplex cycle and then fed to the correct
encoder.

Table 2 details the byte to symbol conversion and the associated multiplexing of
the trellis encoders. Segment 0 is the first segment of the field. The pattern repeats every
12 segments; segments 5 through 11 are not shown.
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Table 2 Byte to Symbol Conversion, Multiplexing of Trellis Encoders

16 Sep 95

Segment 0 Segment 1 Segment 2 Segment 3 Segment 4
Symbol Trellis Byte Bits TreUis Byte Bits TreUis Byte Bits Trellis Byte Bits TreUis Byte Bits

° ° ° 7,6 4 208 5,4 8 412 3,2 ° 616 1,0 4 828 7,6
1 1 1 7,6 5 209 5,4 9 413 3,2 1 617 1,0 5 829 7,6
2 2 2 7,6 6 210 5,4 10 414 3,2 2 618 1,0 6 830 7,6
3 3 3 7,6 7 211 5,4 11 415 3,2 3 619 1,0 ... ... ...
4 4 4 7,6 8 212 5,4 ° 416 3,2 4 620 1,0 ... ... ...
5 5 5 7,6 9 213 5,4 1 417 3,2 5 621 1,0 ... ... ...

6 6 6 7,6 10 214 5,4 2 418 3,2 6 622 1,0 ... ... ...
7 7 7 7,6 11 215 5,4 3 419 3,2 7 623 1,0 ... ... ...

8 8 8 7,6 ° 204 5,4 4 408 3,2 8 612 1,0 ... ... ...
9 9 9 7,6 1 205 5,4 5 409 3,2 9 613 1,0 ... ... ...
10 10 10 7,6 2 206 5,4 6 410 3,2 10 614 1,0 ... ... ...
11 11 11 7,6 3 207 5,4 7 411 3,2 11 615 1,0 ... ... ...
12 ° ° 5,4 4 208 3,2 8 412 1,0 ° 624 7,6 ... ... '"

13 1 1 5,4 5 209 3,2 9 413 1,0 1 625 7,6 ... ... ...

... ... ... ... ... ... ... ... ... ... ... .. . ... ... ... ...
19 7 7 5,4 11 215 3,2 3 419 1,0 7 631 7,6 ... ... ...
20 8 8 5,4 ° 204 3,2 4 408 1,0 8 632 7,6 ... ... ...
21 9 9 5,4 1 205 3,2 5 409 1,0 9 633 7,6 ... ... ...
22 10 10 5,4 2 206 3,2 6 410 1,0 10 634 7,6 ... ... ...
23 11 11 5,4 3 207 3,2 7 411 1,0 11 635 7,6 ... ... ...
24 ° ° 3,2 4 208 1,0 8 420 7,6 ° 624 5,4 ... ... ...

25 1 1 3,2 5 209 1,0 9 421 7,6 1 625 5,4 ... ... ...
... ... ... ... ... ... ... ... ... ... ... ... ... ... '" ...
31 7 7 3,2 11 215 1,0 3 427 7,6 ... ... ... ... ... ...
32 8 8 3,2 ° 204 1,0 4 428 7,6 ... ... ... ... ... ...
33 9 9 3,2 1 205 1,0 5 429 7,6 ... ... ... ... ... ...
34 10 10 3,2 2 206 1,0 6 430 7,6 ... ... ... .. . ... ...
35 11 11 3,2 3 207 1,0 7 431 7,6 ... ... ... ... ... .. ,

36 ° ° 1,0 4 216 7,6 8 420 5,4 ... ... ... ... ... ...
37 1 1 1,0 5 217 7,6 9 421 5,4 ... ... ... ... ... ...
... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...
47 11 11 1,0 3 227 7,6 ... ... ... ... ... .. . ... ... ...
48 ° 12 7,6 4 216 5,4 ... ... ... ... ... .. . ... ... ...
49 1 13 7,6 5 217 5,4 ... ... ... ... ... ... ... ... ...
... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...
95 11 23 1,0 ... ... ... ... ... ... ... ... ... ... ... ...
96 ° 24 7,6 ... ... ... ... ... ... ... ... ... .. . ... ...
97 1 25 7,6 ... ... ... ... ... ... .. . ." ... ... ... ...
... ... ... ... '" ... .., ... ... ... ... ." ... ... ... ...

767 n 191 1,0 ... ... ." ... ... ... ... .., ... ... ... ...
768 ° 192 7,6 ... ... ... ... ... ... ... .., ... ... ... ...
769 1 193 7,6 ... ... .. , ... ... ... .. . ." ... ... ... '"

... ... ... ... ... ... ." ... ... ... ... ... .. . ... ... ...
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4.2.7 Data field sync

The data are not only divided into Data Segments, but also into Data Fields, each
consisting of 313 segments. Each Data Field (24.2 ms) shall start with one complete Data
Segment of Data Field Sync, as shown in Figure 10. Each symbol represents one bit of
data (2-1evel). The 832 symbols in this segment are defined below. Refer to Figure 10.

4
SymbClll

Data + FEe

832 Symbols

208 Bytes

828 Symbols
207 Bytes

Data Segment

Figure 9. 8 VSB data segment.

Dill
8egm1lll

SYNC+7 ----I
+I __--+-.
+3 ----i
+1----1
-1 ----i
4 __-;

"'---;-7 __-;

+lAw..... 4
PlIol AddIlon SymbClll
(PlloM.2S)

Segment 0 Segment 1 Segment 2 Segment 3 Segment 4
Symbol Trellis Byte Bits Trellis Byte Bits Trellis Byte Bits Trellis Byte Bits Trellis Byte Bits

815 11 203 1,0 3 419 7,6 7 623 5,4 11 827 3,2 ... ... ...
816 0 204 7,6 4 408 5,4 8 612 3,2 0 816 1,0 ... ... ...
817 1 205 7,6 5 409 5,4 9 613 3,2 1 817 1,0 .,. ... ...
... ... ... ... ... ... ... '" ... ... ... ... ... ... ... ...

827 11 215 7,6 3 419 5,4 7 623 3,2 11 827 1,0 ... ... ...

4.2.6 Data segment sync

The encoded trellis data shall be passed through a multiplexer that inserts the
various synchronization signals (Data Segment Sync and Data Field Sync).

A two-level (binary) 4-symbol Data Segment Sync shall be inserted into the 8-level
digital data stream at the beginning of each Data Segment. (The MPEG sync byte shall be
replaced by Data Segment Sync.) The Data Segment Sync embedded in random data is
illustrated in Figure 9.

A complete segment shall consist of 832 symbols: 4 symbols for Data Segment
Sync, and 828 data plus parity symbols. The Data Segment Sync is binary (2-level). The
same sync pattern occurs regularly at 77.3 J.1S intervals, and is the only signal repeating at
this rate. Unlike the data, the four symbols for Data Segment Sync are not Reed-Solomon
or trellis encoded, nor are they interleaved. The Data Segment Sync pattern shall be a
1001 pattern, as shown in Figure 9.
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• For trellis coded "rr..trlal BVSB the last 12 symbols of the previous segment
are dupllca"d In the last 12 reserved symbols of the field sync.

Figure 10. VSB data field sync.

4.2.7.1 Sync

This corresponds to Data Segment Sync and is defined as 1001.

4.2.7.2 PN511

This pseudo-random sequence is defined as x? + X7 + X' +~ + X3 + X + 1 with a
pre-load value ofa10סooooo. The sequence is:

0000 0001 0111 1111 1100 1010 1010 1110 0110 0110 1000 1000 1001 1110 0001 1101
0111 1101 0011 0101 0011 1011 0011 1010 0100 0101 1000 1111 0010 0001 0100 0111
1100 1111 0101 0001 0100 1100 0011 0001 0000 0100 0011 1111 0000 0101 0100 0000
1100 1111 1110 1110 1010 1001 0110 0110 0011 0111 0111 1011 0100 1010 0100 1110
0111 0001 0111 0100 0011 0100 1111 1011 0001 0101 1011 1100 1101 1010 1110 1101
1001 0110 1101 1100 1001 0010 1110 0011 1001 0111 1010 0011 0101 1000 0100 1101
1111 0001 0010 1011 1100 0110 0101 0000 1000 1100 0001 1110 1111 1101 0110 1010
1100 1001 1001 0001 1101 1100 0010 1101 0000 0110 1100 0000 1001 0000 0001 110

4.2.7.3 PN63

This pseudo-random sequence is repeated three times. It is defined as X' + X + 1with
a pre-load value of 100111. The middle PN63 is inverted on every other Data Field Sync. The
sequence is:

1110 0100 1011 0111 0110 0110 1010 1111 1100 0001 0000 1100 0101 0011 1101 000

The generators for the PN63 and PN5II sequences are shown in Figure 11.
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Xor Xor Xor Xor Xor

Shift ~

611 PN Sequence,
X9+X7+X6+X4+X3+X+1
Preload 010000000

Output

Reserved
Reserved
Reserved
Reserved
16VSB
8 VSB*
Reserved
Reserved

Figure 11. Field sync PN sequence generators.

4.2.7.4 VSB mode

These 24 bits determine the VSB mode for the data in the frame. The first two bytes
are reserved. The suggested fill pattern is 0000 1111 0000 1111. The next byte is defined as:

PABCPABC

where P is the even parity bit, the MSB ofthe byte, and A,B, C are the actual mode bits.

PABC
0000
100 1
1 0 1 0
o 0 1 1
1 1 0 0
o 1 0 1
o 1 1 0
1 111

* In the 8 VSB mode, the preceding bits are defined as :

o 0 0 0 P AB C P AB C 1 1 1 1

4.2.7.5 Reserved

The last 104 bits shall be reserved space. It is suggested that this be filled with a
continuation of the PN63 sequence. In the 8 VSB mode, 92 bits are reserved followed by the
12 symbol definition below.
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4.2.7.6 Precode

In the 8 VSB mode, the last 12 symbols of the segment shall correspond to the last 12
symbols ofthe previous segment.

All sequences are pre-loaded before the beginning ofthe Data Field Sync.

Like the Data Segment Sync, the Data Field Sync is not Reed-Solomon or trellis
encoded, nor is it interleaved.

4.3 Modulstion

4.3.1 Bit-to-symbol mapping

Figure 7 shows the mapping of the outputs of the trellis decoder to the nominal
signal levels of(-7, -5, -3, -1,1,3,5,7). As shown in Figure 9, the nominal levels of Data
Segment Sync and Data Field Sync are -5 and +5. The value of 1.25 is added to all these
nominal levels after the bit-to-symbol mapping function for the purpose of creating a small
pilot carrier.

4.3.2 Pilot addition

A small in-phase pilot shall be added to the data signal. The frequency of the pilot
shall be the same as the suppressed-carrier frequency as shown in Figure 3. This may be
generated in the following manner. A small (digital) DC level (1.25) shall be added to
every symbol (data and sync) of the digital baseband data plus sync signal (±l, ±3, ±5,±7).
The power of the pilot shall be 11.3 dB below the average data signal power.

4.3.3 8 VSB modulation method

The VSB modulator receives the 10.76 Msymbols/s, 8-level trellis encoded
composite data signal (pilot and sync added). The ATV system performance is based on a
linear phase raised cosine Nyquist filter response in the concatenated transmitter and
receiver, as shown in Figure 12. The system filter response is essentially flat across the
entire band, except for the transition regions at each end of the band. Nominally, the roll
off in the transmitter shall have the response ofa linear phase root raised cosine filter.

5. TRANSMISSION CHARACTERISTICS FOR HIGH DATA RATE MODE

5.1 Overview

The high data rate mode trades off transmission robustness (28.3 dB signal-to
noise threshold) for payload data rate (38.57 Mbps). Most parts of the high data rate
mode VSB system are identical or similar to the terrestrial system. A pilot, Data Segment
Sync, and Data Field Sync are all used to provide robust operation. The pilot in the high
data rate mode also is 11.3 dB below the data signal power. The symbol, segment, and
field signals and rates are all the same, allowing either receiver to lock up on the other's
transmitted signal. Also, the data frame definitions are identical. The primary difference is
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the number of transmitted levels (8 versus 16) and the use of trellis coding and NTSC
interference rejection filtering in the terrestrial system.

R= .1152

d d d = .31 MHz d d

1.0

.5

o

5.38 MHz

6 MHz -------~

Figure 12. Nominal VSB system channel response
(linear phase raised cosine Nyquist filter).

The RF spectrum of the high data rate modem transmitter looks identical to the
terrestrial system, as illustrated in Figure 3. Figure 13 illustrates a typical data segment, where
the number of data levels is seen to be 16 due to the doubled data rate. Each portion of 828
data symbols represents 187 data bytes and 20 Reed-Solomon bytes followed by a second
group of 187 data bytes and 20 Reed-Solomon bytes (before convolutional interleaving).

Dala Data
Stgmenl Data + FEe Stgment

SYNC SYNC -I I -I I
I I -
I I

,...-
I I -
I !'.JI --IV IV -

I I
-

I I
-

I I
-

I I
f--

'-- I I - f--

I I
f--

-I I -
.8010.. 4 828 4
Addtlon Symbols Symbols Symbols

·2.51 Data segment
832 Symbols

+15
+13
+11

+9
+7
+5
+3
+1
-1
-3
-5
-7..

-11
-13
-15

J~
PIlo!
(f'IIol

Figure 13. 16 VSB data segment.

Figure 14 shows the block diagram of the transmitter. It is identical to the
terrestrial VSB system except the trellis coding shall be replaced with a mapper which
converts data to multi-level symbols. See Figure 15.
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DItI Retd· DItI
Plio! vse RF

Rnclomlz. Solomon Inter· Mapper IIUX IlIIertlon Modulator Up-
Enc:oder 1- Converter

SIgmenI Sync

Field Sync

Figure 14. 16 VSB transmitter.

Ix. xb Xc let 0
Byte to 1 1 1 1 +15
Symbol 1 1 1 0 +13

Conversion 1 1 0 1 +11
.B 1 1 0 0 +97 X.1 }'d_ 1 0 1 1 +78 Xb1 1 0 1 0 +55 XCI 1 0 0 1 +3-- 4 let, -- \From . 1 0 0 0 +1

IrtI "3' "x~'

r~-
0 1 1 1 -1 To

Intlllenw 2 ~ 0 1 1 0 -3 MUX
1 Xez 0 1 0 1 -5
0 Xc 0 1 0 0 -7LSB

0 0 1 1 -9
0 0 1 0 -11
0 0 0 1 -13
0 0 0 0 -15

Figure 15. 16 VSB mapper.

6.2 Channel error protection and synchronization

5.2.1 Prioritization

See Section 4.2.1.

5.2.2 Data randomizer

See Section 4.2.2.

5.2.3 Reed-8olomon encoder

See Section 4.2.3.

5.2.4 Interleaving

The interleaver shall be a 26 data segment inter-segment convolutional byte
interleaver. Interleaving is provided to a depth of about 1/12 of a data field (2 ms deep).
Only data bytes shall be interleaved.
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5.2.5 Data segment sync

See Section 4.2.6.

5.2.6 Data field sync

See Section 4.2.7.

5.3 Modulation

Digital Television Standard (Annex D) 16 Sep 95

5.3.1 Bit-to-symbol mapping

Figure 15 shows the mapping of the outputs of the interleaver to the nominal
signal levels (-15, -13, -11, ... , 11, 13, 15). As shown in Figure 13, the nominal levels of
Data Segment Sync and Data Field Sync are -9 and +9. The value of 2.5 is added to all
these nominal levels after the bit-to-symbol mapping for the purpose of creating a small
pilot carrier.

5.3.2 Pilot addition

A small in-phase pilot shall be added to the data signal. The frequency of the pilot
shall be the same as the suppressed-carrier frequency as shown in Figure 3. This may be
generated in the following manner. A small. (digital) DC level (2.5) shall be added to every
symbol (data and sync) of the digital baseband data plus sync signal (±l, ±3, ±5, ±7, ±9,
±11, ±13, ±15). The power of the pilot shall be 11.3 dB below the average data signal
power.

5.3.3 16 VSB modulation method

The modulation method shall be identical to that in Section 4, except the number
of transmitted levels shall be 16 instead of 8.
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This informative Annex provides material to help readers understand and
implement the normative portions of the Digital Television Standard. The normative
clauses of the Standard do not specify the design of a receiver. Instead, they specify the
transmitted bit stream and RF signal with a thoroughness sufficient to permit the design of
a receiver.

Although the normative portions of the Standard are written in the traditional way
- by specifying the signal format, not the receiver - the ATSC believes that the
introductory phase of this new Standard can be made more orderly by listing some
receiver design considerations in this informative Annex. Service providers need assurance
that their programs will be correctly processed in all receivers, and receiver manufacturers
need assurance that their receivers will function properly with all broadcasts.

This Annex also contains references to existing (both voluntary and mandatory)
standards for television receivers and notes work in progress on voluntary industry
standards being developed at this time.

2. REFERENCES TO EXISTING OR EMERGING STANDARDS

47 CFR Part 15, FCC Rules.

EIA IS-132, EIA Interim Standardfor Channelization ofCable Television.

EIA IS-23, EIA Interim Standardfor RF Interface Specification for Television Receiving
Devices and Cable Television Systems.

EIA IS-I05, EIA Interim Standard for a Decoder Interface Specification for Television
Receiving Devices and Cable Television Decoders.

3. COMPLIANCE NOTATION

Compliance with mandatory or voluntary standards and recommended practices
for digital television receivers can be inferred only from previous experience with NTSC.
Actual standards for digital television receivers have not been developed at this time. As
used in this document "appropriate" means that the existing rules for NTSC which are
referenced contain most elements of future rules for digital television. Furthermore, the
rules may be expanded to cover digital television.
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4. STATUS OF RECEIVER STANDARDIZATION ACTIVITIES

4.1 Tuner performance

The FCC Rules under 47 CFR Part 15 which are applicable to conventional
television receivers are expected to be appropriate for digital television receivers.

4.1.1 Noise figure

The 10 dB noise figure used as a planning factor has been reviewed considering
the needs of digital television reception and has been found appropriate.

4.1.2 Channelization plan for broadcast and cable

The cable channelization plan specified in the FCC Rules under 47 CFR Part 15
which are applicable to conventional television receivers are expected to be appropriate
for digital television receivers. Broadcast channelization is specified in the FCC Rules
under 47 CFR Part 73.

4.1.3 Direct pickup

The FCC Rules under 47 CFR Part 15 which are applicable to conventional
television receivers may be appropriate for digital television receivers, as well.
Performance characteristics for reception of digital signals, whether standard or high
definition, have not been developed by the industry. It is expected that direct pickup of a
given level will have less effect on digital signals than on NTSC.

4.2 Transport

Significant work for identification of multiple programs within a single digital
television channel has not taken place in the industry. It is recommended that a digital
television receiver provide appropriate features to assist users in the selection of the
desired video program service, if multiple video programs within one channel are offered.

4.3 Decoder interface

The FCC Rules which are to be adopted for a decoder interface on NTSC receiver
advertised as "cable-ready" or "cable-compatible" are expected to be appropriate for
digital television receivers. Much work has been done on this interface standard (lS-105)
by the Joint Engineering Committee of EIA and NeTA. Although that interface standard
is not intended to apply to digital television receivers, it will almost certainly provide a
basis for a decoder interface standard applicable to them.

4.4 Digital data interface

Work on a digital data interface is being performed by the EIA's R-4.1
subcommittee on ATV Receiver Interfaces. R-4.1 intends to define a basebaA.d serial
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digital interface so that devices may exchange packetized data, for example, when a digital
VCR is connected to a digital television receiver.

It is recommended that manufacturers of digital television receivers wishing to
include a digital data interface give consideration to the interface developed by R4.1.

4.5 Conditional access interface

The National Renewable Security System (NRSS) Subcommittee of the Joint
Engineering Committee ofEIA and NCTA has the responsibility to develop a standard for
a plug-in security module. The NRSS standard may be applied in either a standard
definition or high definition environment.

It is recommended that manufacturers of digital television receivers wishing to
include a conditional access interface give consideration to the NRSS standard developed
by the JEc.

4.6 Closed captioning

Closed captioning for television is covered by the FCC Rules under 47 CFR Part
15 which are presently applied to conventional television receivers. These rules are
expected to be appropriate for digital television receivers.

Work on defining the technical standard for closed captioning for the digital
television system is being performed by the EIA's R-4.3 subcommittee.

5. RECEIVER FUNCTIONALITY

5.1 Video

It is recommended that a digital television receiver be capable of appropriately
decoding and displaying the video scanning formats defined in the Digital Television
Standard and described in Table 3 "Compression Format Constraints" in Annex A of this
Standard.

5.2 Audio

It is recommended that a digital television receiver be capable of selecting and
decoding any audio service described in Section 6 of Annex B of this Standard, subject to
the bit rate constraints in Section 5.3 ofAnnex B of this Standard.

It is recommended that a digital television receiver be capable of normalizing audio
levels based on the value of the syntactical element dialnorm which is contained in the audio
elementary stream.

It is recommended that a digital television receiver be capable of altering
reproduced audio levels based on the value of the syntactical element dynrng which is
contained in the audio elementary stream.
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